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TRIOBP is an actin-bundling protein. Mutations of TRIOBP are associated
with human deafness DFNB28. TRIOBP has three isoforms, named
TRIOBP-1, TRIOBP-4, and TRIOBP-5. In vitro, TRIOBP isoform 4 (TRI-
OBP-4) forms dense F-actin bundles resembling the inner ear hair cell rootlet
structure. Deletion of TRIOBP isoforms 4 and 5 leads to hearing loss in mice
due to the absence of stereocilia rootlets. The mechanism of actin bundle for-
mation by TRIOBP is not fully understood. The amino acid sequences of TRI-
OBP isoforms 4 and 5 contain two repeated motifs, referred to here as R1 and
R2. Recent our study demonstrated that R1 motif is the major actin-binding
domain of TRIOBP-4, and the binding of R2 motif with actin filaments is
nonspecific. Structural analysis of TRIOBP by amino acid sequence showed
ID proteins. Thus the second structure of TRIOBPmay not have. To investigate
the structural property of TRIOBP-4, we analyzed the structure of TRIOBP-4
by using circular dichroism, dynamic light scattering, and fluorescence corre-
lation spectroscopy. Our analysis show that TRIOBP has a beta-sheet, but
not alpha-helix. To investigate the structure of tight F-actin bundle structure
with TRIOBP, we analyzed 3-D structure of the bundle by using 3-D image
analysis from transmitted electron microscope images.
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Eukaryotic cells rely on their cytoskeleton to carry out coordinated motion. To
adapt to the changing requirements, the cell’s cytoskeleton constantly remodels
through the action of myosin II motors that interact with numerous actin fila-
ments simultaneously. Here we study the various roles of myosin II clusters
in the formation and evolution of in-vitro actomyosin networks. In our exper-
iments the motor clusters can vary in size between 14 and 144 myosin II mol-
ecules and apply forces ranging between several to tens of pico Newtons.
During the initial process of network formation the motor clusters become
embedded within the network structure, where they act as internal active
cross-linkers. Myosin II clusters enhance the nucleation of actin network in a
concentration dependent manner, in the presence of passive crosslinkers, thus
functioning as a ‘network co-nucleator’. As network formation is achieved,
myosin II turns into a ‘network reorganizer’, where it takes part in the remod-
eling and coarsening of the overall network structure. As a result of the strong
confinement (the motor clusters within the network bundles exhibit high proc-
essivity with a fraction of attached motors pattR0.15), their effect in the nucle-
ation and reorganization of the actin network is enhanced, rendering even small
clusters of 14 myosin II molecules efficient. The stresses building-up in the net-
works lead to complex dynamics and can drive their contraction and rupture,
depending on motor concentration and cluster size. Above a certain concentra-
tion, the severing and disassembly properties of the motors dominate, and they
function as ‘network disassembly agents’. Myosin II motors are shown to be
unique motors that function as complex machines that perform a diversity of
tasks, thereby regulating the nature of the assembled network and facilitating
its formation.
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It is widely accepted that tropomyosin stabilizes actin filaments mechanically
and also by protecting against the action of filament destabilizing proteins.
The mechanisms underlying these effects are still unclear. To investigate
the influence of tropomyosin on the actin filament severing activity of gelso-
lin we measured both the F-actin viscosity and the relative number concen-
trations of filaments after fragmentation by either gelsolin alone or by
gelsolin/tropomyosin complexes. Our results show that the association of
muscle tropomyosin with F-actin did not significantly protect the filaments
from being severed by gelsolin. On the other hand, preceding interaction
of gelsolin with tropomyosin reduced the severing activity of gelsolin byup to 80%. These results suggest that tropomyosin is involved in the modu-
lation of actin dynamics by binding gelsolin in solution to prevent it from
severing. We also show that in proteolytically modified F-actin where the
turnover of subunits is strongly enhanced, tropomyosin restored the stability
of this actin but did not stabilize it against the disruptive effects of centrifu-
gal forces and shear stress. Instead of this, tropomyosin inhibited the steady-
state ATP hydrolysis of proteolytically modified actin in a cooperative
manner, with half-maximal and maximal effects observed at TM:actin molar
ratios of about 1:50 and 1:8, respectively. Thus, stabilization of actin fila-
ments by tropomyosin involves conformational changes which seem to
modify the monomer-monomer contacts along the filament. We believe
that both interaction with gelsolin and stabilization of intermonomer contacts
within F-actin may contribute to the regulation by tropomyosin of cytoskel-
eton dynamics.
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Tropomyosin (Tm) regulates actin myosin interactions in eukaryotic cells
ranging from yeast to mammalian muscle and nonmuscle cells. Tropomyosin
is a a-helical coiled-coil actin binding protein that associates end-to-end to
form continuous strands along both sides of the actin filament. Tropomyosins
can inhibit or activate actomyosin MgATPase activity and motility depending
on the myosin and Tm isoforms. In this study, we have attempted to determine
whether activation or inhibition is specified by the Tm or the myosin isoform.
We carried out in vitro motility assays with four myosin isoforms (skeletal
muscle myosin, and nonmuscle IIA, IIB and IIC HMMs) in the presence of
five Tm isoforms (skeletal muscle aTm, and nonmuscle isoforms, Tm2,
Tm5a, Tm5NM1 and Tm4) and skeletal muscle actin. With skeletal muscle
myosin, actin-Tm filament velocities were inhibited by aTm (~60%) but acti-
vated by Tm5a and Tm5NM1 (30-60%) relative to actin alone, whereas Tm2
and Tm4 had little or no effect. In the case of nonmuscle IIA and IIC
HMMs, all nonmuscle Tms activated filament velocities, whereas aTm had
no effect, relative to actin alone. None of the Tm isoforms affected filament ve-
locities with nonmuscle IIB HMM. Therefore, the primary determinant of the
effect of Tm on actin filament velocities on myosin is the myosin isoform. The
actin-activated MgATPase activities of IIA, IIB and IIC HMMs were measured
to determine the mechanism of activation by a nonmuscle Tm, Tm5NM1.
Tm5NM1 increased the Vmax of both IIA (26%), and IIC (19%), with a
much smaller effect on IIB (12%) compared to actin alone thus supporting
the motility data. Tm5NM1 also decreased the KATPase of IIA and IIB. There-
fore, Tm5NM1 activates the MgATPase activity of IIA and IIB by increasing
the Vmax and decreasing KATPase. Supported by NIH.
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The organization of actin filaments into higher-ordered structures governs eu-
karyotic cell shape and movement. For all these processes, the collective
behavior of the actin filaments is governed by the environmental conditions
(associated proteins, geometry, confinement...).We demonstrated recently
that nucleation geometry governs ordered actin structure organization (Rey-
mann et al., 2010) but the mechanisms behind this control were not clearly es-
tablished. To understand how the geometrical parameters governed the actin
dynamics, we simulated the filament growth from pattern with the cytoskeleton
simulation software Cytosim. The simulation parameters were first calibrated
by matching in-vitro and simulated filaments behavior from a simple pattern.
The steric interaction between filaments was particularly crucial to obtain a
good match between experimental and simulated actin architecture.
We then used the simulations to observe the effect of the pattern geometry and
filament rigidity on the overall organization of the actin structures. We
observed that both the nucleation geometry and the mechanical properties of
actin filaments are essential to built from a common pool of actin monomers
the diversity of actin organizations observed in vivo (parallel or antiparallel
bundles and actin networks). Then we studied the confined behavior of growing
filaments, and showed how the relative rigidity of the filament (compared to the
confinement size) affects its bending ability and its growing speed. By
comparing simulations and experimental results, we determined how
Tuesday, February 18, 2014 569aelongating actin filaments reaching a nucleated region can trigger new actin
assembly.
Finally, we combined these findings to show how all the studied parameters
(geometry, steric interactions, filament rigidity, nucleation efficiency) were
necessary for the formation of in-vivo like structures.
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Smooth muscle has the unique property of maintaining tension with low ATP
consumption. It is generally accepted that this property, called the latch-state,
results from the dephosphorylation of myosin while attached to actin. However,
detached dephosphorylated myosin can also bind to actin and contribute to
force maintenance. We investigated the effect of caldesmon on the binding
force of unphosphorylated myosin to actin. We quantified the average unbind-
ing force (Funb) in the absence or presence of caldesmon, ERK phosphorylated
caldesmon, or caldesmon plus tropomyosin. Briefly, a microsphere captured in
a single beam laser trap was attached to a fluorescently labeled actin filament
that was then brought in contact with a pedestal coated with unphosphorylated
myosin. The pedestal was then moved away from the trap at constant velocity.
The actin/microsphere followed the pedestal until the force exerted by the trap
on the microsphere exceeded the binding force of the unphosphorylated myosin
to the actin. At this point, the microsphere sprang back into the trap center. Funb
was calculated as the product of the trap stiffness and the maximal displace-
ment of the microsphere from the trap center. Funb was normalized to the num-
ber of myosin molecules estimated per actin filament length. Funb from
unregulated actin (0.0950.01 pN) was significantly increased in the presence
of caldesmon (0.1750.02 pN), tropomyosin (0.1750.02 pN) or both regulato-
ry proteins (0.1850.02 pN). Interestingly, ERK phosphorylation of caldesmon
significantly reduced the Funb (0.0650.01 pN). Thus, caldesmon enhances the
binding force of unphosphorylated myosin to actin potentially contributing to
the latch-state. Conversely, ERK phosphorylation of caldesmon decreases
this binding force to very low levels, suggesting a mechanism for muscle relax-
ation from the latch-state.
Supported by: NSERC, NIH-RO1HL103405
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Actin filaments are required for diverse cellular functions including cell divi-
sion, intracellular transport, and muscle contraction. Tropomyosin (Tm) is a
a-helical coiled-coil protein that regulates its functions and stability in muscle
and nonmuscle eukaryotic cells. Nonmuscle isoforms of Tm and particularly,
Tm5NM1 (a gTm, product of TPM3), have been found to play a role in the
transformation and metastasis of cancer cells in addition to being important
for normal cellular functions such as cell migration, cell division and organelle
transport. In previous work, by making mutations at evolutionarily conserved
residues in a striated muscle aTm, residues important for actin binding and
myosin regulation were identified. In the present study, we have mutated
conserved residues in Tm5NM1 to determine the molecular basis of isoform-
specificity for functions such as actin binding and actomyosin regulation. We
mutated surface residues in muscle aTm and Tm5NM1 that differed between
the two isoforms at homologous positions in periods P1 and P7 of aTm to deter-
mine the effect of sequence differences on function. We also mutated residues
in Tm5NM1 in periods P5 and P6 at homologous positions to those that were
shown to be important for myosin regulation in muscle aTm in a previous
study. In vitro motility assays for determining myosin regulation were carried
out. Actin-Tm filament velocities were inhibited by aTm (~60%) but activated
by Tm5NM1 (~50%) relative to actin alone. The aTm P1 and P7 mutants
showed ~40-70% increase in velocity compared to WT aTm. The Tm5NM1
mutants had no effect on velocity relative to WT Tm5NM1, except the P6
mutant that showed a ~50% decrease in velocity. Therefore, aTm and
Tm5NM1 have differential effects on actomyosin regulation depending on
the site of mutation. Supported by NIH and Aresty Research Center at
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Cofilin is important for the regulation of the actin cytoskeleton. It is capable of
binding to and severing F-actin filaments, but the molecular basis for these
functions is poorly understood, due to a paucity of structural data on the qua-
ternary complex. A recent computational model has been proposed (Galkin
et al., 2011, PNAS, 108:20568). To test this model, we inserted mutant residues
into the sequence of cofilin to facilitate specific labelling with spectroscopic
probes. We were able to successfully mutate and express four mutant cofilins.
We were hampered in this process by the apparent sensitivity of the structure of
cofilin to mutagenesis. Thus, we found that mutagenesis of the N-terminus
abolished G-actin binding, while still permitting F actin binding, reinforced
the importance of the N-terminus of cofilin in binding to actin. On the other
hand, mutation of the C-terminus of cofilin andW135 had no effect on the bind-
ing of cofilin to G-actin. Mutation of W104 abolished G-actin binding, high-
lights the importance of the b5 strand and a6 helix of cofilin in actin binding
via the G/F actin binding site on cofilin. Fortunately, the mutant forms of cofilin
that retained binding to G actin (Cys170 cofilin and Cys170 W104 cofilin) re-
tained their capacity to bind to G-actin after modification with extrinsic spec-
troscopic probes, allowing us to measure one distance within cofilin and three
distances between cofilin and G-actin. The distances between cofilin and G-
actin corresponded closely to the predicted distances from the Galkin model.
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Background: Ca2þ and cross-bridges are involved the activation and deactiva-
tion of the cardiac actin filament. The actin filament is decorated with a
repeating lattice of Tn and Tm. The affinity of rhodamine-phalloidin for actin
is sensitive to the twist of f-actin.
Experimental design: (1) Murine cardiac myofibrils were incubated with an
excess of dye-labeled cTn under conditions that favor strongly bound (no
nucleotide, ADP, ADP þ blebbistatin), weakly bound (ADP þ Pi, ADP þ
Pi þ blebbistatin), or unbound (ATP, ATP-g-S) myosin. (2) Rigor and ATP-
saturated myofibrils were stained with rhodamine-phalloidin. Samples were
immunostained for a-actinin examined by epifluorescence.
Results: Strongly-bound and weakly-bound myosin promotes cTn exchange
near the z-disc. Unbound myosin promotes cTn exchange near the M-line.
The site of cTn exchange correlated with phalloidin binding.
Conclusions: The native actin filament exhibits region-dependent stability sub-
ject to filament-wide perturbation by strongly-bound and weakly-bound myosin
motors.
Significance: The native cardiac actin filament has unique functional properties
not present in solution studies.
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There has been a growing interest in the role of actin in the pathway of HIV
infection: entry of HIV into cells involves a hijacking of the actin cytoskeleton,
and nuclear migration of the virus requires actin. It was shown that the nucle-
ocapsid domain (NC) of retroviral Gag protein can be associated with F-actin in
a dose-dependent fashion in vitro and suggested that the interaction between
HIV Gag and the actin cytoskeleton through the NC domain may play an
important role in HIV assembly (Iyengar et al., 1998; Liu et al., 2009).
However, the specificity of this interaction has never been established.
We have used electron microscopy and the IHRSR method to reconstruct actin
filaments decorated with the NC domain of HIV-1. We see strong and specific
binding of this 55 residue NC domain to F-actin. Work is in progress to bring
the resolution of this complex to the near-atomic level of resolution that we
have now achieved for pure F-actin using a Titan Krios robotic microscope
equipped with a direct electron detector. Exploring the interaction of HIV
NC with actin could open up completely new areas in understanding HIV path-
ogenesis as well as in developing new drug targets.
